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ABSTRACT 
Background: Endemic diarrhea and its associated malnutrition 
remain leading causes of childhood morbidity and mortality in 
developing countries. This study was undertaken to describe 
changes in the incidence of diarrhea and prevalence of mal- 
nutrition among children in an urban Brazilian shantytown from 
1989 to 1996. A secondary purpose was to examine associ- 
ations between malnutrition and increased incidence and dura- 
tion of diarrhea. 
Methods: From August 1989 through December 1996 a 
dynamic birth cohort of 315 children was followed for surveil- 
lance of diarrhea and nutrition. Study homes were visited twice 
or thrice weekly to assess the occurrence of diarrhea. Length 
and weight of the subjects were measured quarterly. Poisson 
regression was used to test for associations between prior 
nutritional status and subsequent diarrhea during a quarter. 
Multiple regression was used to test for an association between 
nutritional status and episode duration. 
Results: Declines in both age-adjusted attack rates (6.0 
episodes/child-year in 3-year-ok& to 2.5 episodes/child-year in 
8-year-olds) and days with diarrhea per child-year (30.8 
days/child-year in 3-year-olds to 8.5 days/child-year in 8-year- 
olds) were highly correlated with yearly improvements in mean 
nutritional status (R’= 0.84, P i 0.05, for mean length-for-age 
with mean number of episodes/child-year). Both length- and 
weight-for-age were significant predictors of diarrhea incidence, 
including persistent episodes (214 d), but not duration. 
Conc/usions: These results demonstrate marked changes over 
time in the diarrhea burden and nutritional status of children in 
*Division of Geographic Medicine and International Health, University 
of Virginia School of Medicine, Charlottesville, Virginia, USA; and +Clin- 
ical Research Unit-HUWC, Department of Physiology and Pharma- 
cology, Faculty of Medicine, Federal University of Cead, Fortaleza, CE, 
Brazil. 
Supported by NIAlD ICIDR Grant No, UOlAI26512 from the National 
Institutes of Health in Bethesda, Maryland, USA. 
Address correspondence to Dr. Richard Guermnt, Box 801379, Health 
SCierKeS Center, University of Vilinia, Charlottesville, Vii, USA 22908. 
E-mail: rlg9a@virginia.edu. 
this population and provide further evidence of a significant 
association between malnutrition and increased incidence of 
diarrhea. 
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Diarrhea persists as a leading cause of child morbidity and 
mortality in developing areas of the world. Although the 
global mortality rate attributable to diarrheal diseases is 
declining, owing largely to the use of oral rehydration ther- 
apy, deaths among children under 5 years of age in the 
developing world still number an estimated 2 to 3 million 
per year.’ Further attention to the epidemiology of diarrhea 
and greater understanding of the interaction between diar- 
rhea and nutritional status remain vitally importam 
The site of the present study was an urban Brazilian 
shantytown @zveZa> and the site of a previous diarrhea 
and nutrition surveillance project conducted by investi- 
gators from the Federal University of Cearh and the Uni- 
versity of Virginia, from 1984 to 1986. The purpose of 
the earlier project was to describe the epidemiology of 
persistent diarrhea3 (episodes lasting 14 days or longer) 
and further define the relation between prior nutrition 
status and subsequent diarrhea1 illness among children.3,4 
The attack rates of diarrhea recorded during the project 
(14 episodes/child-year among the most malnourished 
children) were among the highest ever observed. The 
project also provided further evidence of a significant 
association between malnutrition and an increase in both 
the incidence and the duration of diarrhea. 
Diarrhea and nutrition surveillance in this community 
recommenced in August 1989 and has continued into 
1999. The present study was based on surveillance data 
from August 1989 through December 1996 and had two 
purposes: (1) to describe the declines in both the inci- 
dence of diarrhea and the prevalence of malnutrition in 
this community over the 8 years and (2) to retest the 
association between malnutrition and the increase in both 
the incidence and the duration of diarrhea. 
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METHODS 
Study Site and Subjects 
The study site was Goncalves Dias, an impoverished 
urban community of 1330 residents (February 1993) in 
Fortaleza, a city of 2.3 million people and capital of the 
northeastern state of Ceara, Brazil (population 6 million). 
From August 1989 to December 1996, the field team (two 
nurses and two trained community health care workers) 
identified all pregnant women in the community, invited 
them to participate in the surveillance project, and 
obtained informed consent for inclusion of their child in 
the project. The study protocol was approved by the Uni- 
versity of Virginia Human Investigation Committee and by 
a similar committee at the Federal University of Ceam. 
Illness Surveillance and Nutrition Assessment 
From August 1989 through April 1993 (study period l), 
each participating home was visited three times weekly 
by the field team to assess the occurrence of diarrhea 
since the previous visit5 From May 1993 through Decem- 
ber 1996 (study period 2) each participating home was 
visited twice weekly. A case of diarrhea was defined, 
according to World Health Organization (WHO) guide- 
lines: as three liquid movements within a 24-hour period, 
as noted by the caregiver. Discrete diarrhea episodes were 
distinguished by at least two diarrhea-free days. 
The weight and length of participating children were 
measured every quarter by the same field team. Lightly- 
clothed weight was measured to the nearest 0.1 kg by a 
frequently calibrated sling scale (CMS Weighing Equip- 
ment Ltd., London, UK). Length was measured supine to 
the nearest 0.1 cm. No nutritional assessments were made 
during year 6 of the study. 
Data Analysis 
The number of episodes, total days of diarrhea, and aver- 
age duration per episode were computed for non-over- 
lapping 3-month periods (quarters) for each child. 
Episodes that began in one quarter and persisted to the 
next were attributed to the first quarter, as were the total 
days for that episode. To assess the impact of prior nutri- 
tion status on diarrhea during a quarter, child-quarters 
were linked to corresponding quarterly nutrition assess- 
ments. This was done by matching the date of a child’s 
nutrition assessment to the start date of the child-quar- 
ter 2 45 days. Of 1985 child-quarters matched with prior 
nutrition assessments, 10 had the date of a nutrition 
assessment fall after an occurrence of diarrhea in the cor- 
responding quarter, and were excluded from analyses of 
prior nutrition and subsequent diarrhea. 
The Centers for Disease Control and Prevention 
(CDC) EpiNut program in Epi Info version 6.0 (CDC, 
Atlanta, GA, USA) was used to calculate length-for-age 
(LAZ or HAZ), weight-for-age (WAZ), and weight-for-length 
(WLZ or WHZ) Z scores, a measure of standard devia- 
tions above or below National Center for Health Statistics 
medians for these anthropometric indicators. Child-quar- 
ters with incomplete nutrition data were excluded from 
analyses involving that nutrition indicator. This included 
child-quarters with missing length measurements (n = 35) 
and, owing to limitations in calculating weight-for-length 
Z scores, birth-length measurements less than 49 cm 
(n = 53). 
Trends in both age-specific attack rates and days of 
diarrhea per child-year were assessed by comparing age- 
specific attack rates from periods 1 and 2. For each 
period, incidence was described as the number of 
episodes or diarrhea days per child-year of observation 
(Tables 1 and 2).5 Relative risks were calculated for each 
age category, considering children in study period 2 to be 
unexposed. Thus, relative risks were ratios of diarrhea 
amounts in period 1 versus period 2, stratified by age. 
These risks were contrasted by the chi-squared test, and 
the Mantel-Haenszel technique was used to compute a 
pooled summary relative risk estimate across age cate- 
gories for period 1 versus period 2. 
Trends in nutrition indicators (LAZ, WAZ, and WLZ) 
and diarrhea burdens, by study year, were analyzed by 
comparing means of quarterly nutrition assessments and 
illness burdens for children under 3 years of age in years 
3 through 8 of the study, The ages of the children in study 
years 1 and 2 did not exceed 1 or 2 years, respectively 
By analyzing only nutrition indicators for children under 
Table 1. Changes in Diarrhea Attack-rates per Child-year, by Age, among Children in Fortaleza, Brazil 
Acute Diarrhea* Persistent Diarrhea+ Total Diarrhea 
(Episodes/Child-year (Episodes/Child-year (Episodes/Child-year) 
Change from Change from Change from 
Age fW Period 2 Period 7 (%) Period 2 Period 1 (%) Period 2 Period 1 (%) 
00-2.99 1.5 -1 .o (40.0)$ 0.0 -0.1 (100.0) 1.5 -1 .l (42.3)* 
03-5.99 4.0 -0.5(11.1) 0.1 -0.2 (66.7) 4.1 -0.7 (14.6) 
06-l 1.99 5.4 -0.7 (11.5) 0.1 -0.4 (80.0)* 5.5 -1.1 (16.7)$ 
12-23.99 4.4 -1.8 (29.0)f 0.1 4.5 (83.3)f 4.5 -2.3 (33.8)* 
24-35.99 2.3 -1.8 (43.9)Z 0.1 -0.2 (66.7)$ 2.4 -2.0 (41 .!y 
*Less than 14 days of duration; ‘14 days or longer duration; *P < 0.05, Pearson’s chi-squared test. 
Period 1: August 1989-April 1993 (n = 189); period 2: May 1993-December 1996 (n = 261) 
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Table 2. Changes in Days with Diarrhea per Child-year, by Age, among Children in Fortaleza, Brazil 
Acute Diarrhea* Persistent Diarrhea+ Total Diarrhea 
(Days/Child-year) (Days/Child-year) (Days/Child-yearj 
Change from Change from Change from 
Age fmoi Period 2 Period 7 (%I Period 2 Period 1 (%) Period 2 Period 7 (%j 
00-2.99 4.5 -4.6 (50.5)f 0.7 -1.2 (63.2)* 5.2 -5.8 (52.7)$ 
03-5.99 13.1 -5.6 (30.0)$ 4.5 -1.8 (28.6)* 17.6 -7.4 (29.6)$ 
06-11.99 18.2 -4.3 (19.1)* 2.4 -10.4 (81.3)s 20.6 -14.7 (41.6)f 
12-23.99 13.0 -10.3 (44.2)$ 2.7 -11.9 (81.5)x 15.7 -22.2 (58.6)$ 
24-35.99 7.2 -5.0 (41.0)f 2.6 -2.9 (52.7)* 9.8 -7.9 (44.6)t 
*Less than 14 days duration: +I4 days or longer duration: ZP < 0.05, Pearson’s chi-squared test. 
Period 1: August 1989-April 1993 (n = 189); period 2: May 1993-December 1996 (n = 261). 
3 years of age in years 3 through 8, researchers were able 
to adjust for age in the analysis, to provide a more mean- 
ingful comparison of nutritional status and diarrhea bur- 
dens over time. 
Poisson regression, a method for modelling variables 
as predictors of Poisson-distributed count outcomes, was 
used to analyze the association between prior nutrition 
status and subsequent episodes and days of diarrhea in 
a quarter. Days of diarrhea, total number of episodes, and 
number of persistent episodes during a quarter were 
count outcomes with Poisson distributions (i.e., many 
days or episodes of diarrhea during a 9O-day period were 
a rare occurrence). Multiple regression was used to ana- 
lyze the association between nutrition status and the log- 
transformed average duration of episodes in a quarter. 
The average duration of an episode was a continuous 
variable, which was log-transformed to normalize its dis- 
tribution. In both Poisson and multiple regression mod- 
els, the number of diarrhea episodes or diarrhea days in 
a child’s previous quarter (whichever was more signifi- 
cant) was used as an autoregression factor to control for 
the non-independence of multiple observations in the 
same children.*,7,x 
All statistical analyses were performed with SPSS-PC 
version 7.5.2 (SPSS, Inc., Chicago, USA) or Epi Info, except 
for Poisson regression. Poisson regression analyses were 
performed with PROC GENMOD, in SAS version 6.12 
(SAS Institute, Gary, NC, USA). 
RESULTS 
During the study period, 3 15 children participated and 
were followed for a total of 264,565 days (724 child- 
years). Each child was followed an average of 28 months. 
The mean number of children followed at any one time 
was 99. By the WHO case-deITnition (3 liquid movements 
in a 24-hr period), 11,356 days of diarrhea were reported. 
These children experienced 2606 episodes for a total of 
11,776 days of diarrhea1 illness, including 426 episodic 
days on which no diarrhea was recorded. 
Table 1 presents age-specific attack rates for children 
under 3 years of age for the second compared with the first 
study period. In the first period, overall, acute, and persis- 
tent episodes peaked at 12 to 24 months of age (6.8,6.2, 
and 0.6 episodes/child-year, respectively).” In the second 
period, overall and acute episodes peaked at 6 to 
12 months of age (5.5 and 5.4 episodes/child-year, respec- 
tively), whereas persistent episodes peaked at 24 to 
36 months of age (0.12 episodes/child-year). Table 2 shows 
mean days of diarrhea per child-year, by age, for the second 
compared with the first study period. In period 1, overall 
days with diarrhea peaked at 12 to 24 months of age (37.9 
days/child-year). In period 2, overall days with diarrhea 
peaked at 6 to 12 months of age (20.6 days/child-year). 
From period 1 to period 2, changes over time in both 
age-specific attack rates and days with diarrhea are evi- 
dent (see Tables 1 and 2). In each age category, there 
were marked reductions in diarrhea attack rates and days 
with diarrhea per child-year (Mantel-Haenszel RR = 1.44, 
95% CI = 1.32-1.56 for episodes/child-year in period 1 vs. 
period 2; Mantel-Haenszel RR = 2.11,95% CI = 2.03-2.20 
for diarrhea days/child-year in period 1 vs. period 2). The 
most dramatic reductions were in the incidence of, and 
days of diarrhea from persistent diarrhea episodes (Man- 
tel-Haenszel RR = 4.18, 95% CI = 2.83-6.19 for persis- 
tent episodes/child-year in period 1 vs. period 2; 
Mantel-Haenszel RR = 4.46,95% CI = 4.10-4.86 for per- 
sistent diarrhea days/child-year in period 1 vs. period 2). 
Although persistent episodes made up only 6% 
(154/2606) of total episodes, they accounted for 28% 
(3321/l 1,776) of all days of diarrhea during the study. In 
the 12 to 24 months age group, 54% (11.9/22.2) of the 
reduction in total days of diarrhea per child-year from 
period I to period 2 was attributable to an 82% decrease 
(from 14.6 to 2.7 days/child-year) in days of diarrhea per 
child-year because of prolonged episodes. Thus, reduc- 
tions in the attack rate of persistent diarrhea explain a 
substantial part of the decline in total days of diarrhea 
from period 1 to period 2. 
Table 3 shows the age-adjusted means of nutrition 
indicators and age-adjusted diarrhea burdens for children 
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Table 3. Age-adjusted Means of Nutritional Indicators and for Episodes per Child-year, Diarrhea-days per Child-year, 
and Average Duration of Episodes for Children under 3 Years of Age in Fortaleza, Brazil, Study Years 3 through 8 
Diarrhea 
Study Year WAZ (n *) WLZ (n *) Episodes/Child-year Days/Child-year Mean Duration (d) 
3 -1.12 (353) a.61 (366) 
4 -1 .oo (437) -0.47 (444) 
5 -1 .OO (274) -0.43 (277) 
6 No data No data 
7 -0.93 (187) -0.18 (188) 
a -0.63 (148) -0.31 (150) 
*Number of ouarterlv nutritional assessments. 
0.10 (341) 6.0 30.8 5.1 
0.26 (424) 4.9 25.8 5.3 
0.31 (274) 4.3 14.8 3.4 
No data 4.5 14.8 3.3 
0.44 (182) 3.4 14.9 4.4 
0.17 (144) 2.5 8.5 3.4 
Mean length-for-age’Z score (L&T) and weight-for-age Z score (V/AZ) were separately correlated with study year (R2 = 0.80 and R2 = 0.79, P < 0.05, respectively). 
Both episodes/child-year and days with diarrhea/child-year were highly correlated with study year as well (R2 = 0.93 and R2 = 0.86, P < 0.01, respectively). Mean 
nutritional status and-diarrhea burdens, in study years 3 through 8, were correlated with each other in the case of mean length-for-age with mean number of 
episodes/child-year (R* = 0.84, P < 0.05). Improvements in mean weight-for-age and weight-for-length Z score (WLZ) drd not extend into year 8 of the study. When 
only years 3 through 7 were examined for relation between nutritional status and diarrhea burdens, both weight-for-age and weight-for-length ware significantly 
correlated with mean number of episodes/child-year (R* = 0.93 and R2 = 0.99, P < 0.05, respectively). 
under 3 years of age in study years 3 through 8. In these 
children, mean length-for-age improved from year 3 to 
year 4, did not change from year 4 to year 5, and improved 
yearly thereafter. Mean weight-for-age improved in years 
3 through 7 and worsened from year 7 to year 8. Mean 
weight-for-length followed the same pattern as weight- 
for-age by improving in years 3 through 7 and worsen- 
ing from year 7 to year 8. 
There were similar improvements in diarrhea bur- 
dens over the study years. The diarrhea attack rate per 
child-year decreased by one episode from year 3 to year 
4, did not change in years 4 through 6, and decreased by 
one episode every year thereafter. Diarrhea days per child- 
year decreased by 5 days from year 3 to year 4, decreased 
by 11 days from year 4 to year 5, remained constant in 
years 5 through 7, and decreased by 6 days from year 7 
to year 8. 
The drop in diarrhea days per child-year from year 3 
to year 4 resulted from a decrease in the overall attack 
rate. The sharp decline in diarrhea days per child-year 
from year 4 to year 5 was attributable to a drop in the 
attack rate of prolonged episodes (from 0.37 to 0.05 per- 
sistent episodes/child-year, respectively). The decrease in 
mean duration of episodes from year 4 to year 5 (from 
5.3 to 3.4 days per episode) accounted for 8 days of the 
1 l-day decrease in mean number of diarrhea days/child- 
year from year 4 to year 5. From year 7 to year 8, declines 
in both the attack rate and mean duration of episodes 
explained the decrease in total days of diarrhea per 
child-year. 
In separate models, both mean nutritional status and 
diarrhea burdens were significantly correlated with study 
year. Mean length- and weight-for-age were separately cor- 
related with study year (R2 = 0.80 and R2 = 0.79, P < 0.05, 
respectively). Both episodes per child-year and days with 
diarrhea per child-year were highly correlated with study 
year as well (R * = 0.93 and R2 = 0.86, P c 0.01, respec- 
tively). Mean nutritional status and diarrhea burdens, in 
study years 3 through 8, were correlated with each other 
in the case of mean length-for-age with mean number of 
episodes per child-year (R* = 0.84, P < 0.05). Improve- 
ments in mean weight-for-age and weight-for-length did 
not extend into year 8 of the study. When only years 3 
through 7 were examined for relations between nutri- 
tion status and diarrhea burdens, both weight-for-age and 
weight-for-length were signiticantly correlated with mean 
number of episodes per child-year (R* = 0.93 and 
R* = 0.99, P < 0.05, respectively). 
Table 4 shows age-adjusted means for total diarrhea 
episodes per child-year and diarrhea days per child-year, 
by nutrition status, for children under 3 years of age dur- 
ing years 3 through 8 of the study The number of diar- 
rhea episodes, mean duration of episodes, and diarrhea 
days per child-year increased as both length-for-age and 
weight-for-age declined below 0. With the exception of 
a modest increase in the mean duration of episodes, this 
trend was not found for weight-for-length. This was likely 
attributable to classification as normal for weight-for- 
length of children with both poor weight-for-age and 
length-for-age (i.e., those children who experienced the 
most illnesses). The absence of any trend and the low 
level of wasting among these children discouraged further 
analyses of the association of weight-for-length with diar- 
rhea burdens. 
The results of Poisson regression analyses of length- 
for-age and weight-for-age 2 scores as predictors of vari- 
ous diarrhea outcomes are presented in Table 5. To allow 
proper controlling for age, only children under 3 years of 
age in years 3 through 8 of the study were included in 
the analyses. Length-for-age and weight-for-age were 
included in different models as predictors of total 
episodes, number of persistent episodes, and total days of 
diarrhea per quarter. For persistent episodes and total 
days of diarrhea outcomes, a child’s age in months and 
days of diarrhea in his or her previous quarter of obser- 
vation were included as covariates. For nutrition status 
versus total episodes in a quarter, age in months and num- 
ber of episodes in the previous quarter were included as 
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Table 4. Age-adjusted Means for Diarrhea Attack-rates per Child-year and Diarrhea Days per Child-year, 
by Nutritional Status, for Children Under 3 Years of Age in Fortaleza, Brazil, Study Years 3 through 8* 
Diarrhea 
Category Quarterly Nutritional Assessments (n) Episodes/Child-year Days/Child-year Mean Duration (d) 
LAZ 
1-3 48 7.7 46.1 6.0 
<-2 141 5.1 28.0 5.5 
< -1 289 4.8 22.2 4.6 
<o 361 4.2 18.7 4.5 
20 191 3.0 11.6 3.9 
WAZ 
1-3 13 8.3 50.5 6.1 
<-2 82 6.7 43.9 6.6 
< -1 254 4.5 22.3 5.0 
<o 310 4.4 18.2 4.1 
20 387 3.8 16.2 4.3 
WLZ 
5-3 1 4.0 24.0 6.0 
<-2 10 3.2 18.0 5.6 
< -1 110 5.3 30.4 5.7 
<o 295 4.7 22.2 4.7 
20 602 4.2 18.9 4.5 
*Although trends can be seen here, statistical analyses of nutritional status with diarrhea burdens were done by Poisson regression, accounting for the non- 
independence of multiple observations in the same children (see Table 5). 
covariates. To correct for over- and underdispersion in 
the outcomes, the scale parameter for each model was 
estimated by the square root of the deviance divided by 
the degrees of freedom, for more conservative estimates 
of P-values.’ 
Diarrhea in the previous quarter and age were the 
strongest predictors of all quarterly diarrhea outcomes. 
For each unit increase in a predictor variable, the antilog 
of the variable’s Poisson regression coefficient (eB) may 
be interpreted as a multiplier of the mean of the diar- 
rhea outcome, when all other variables are held constant. 
In the case of LA2 as a predictor of total episodes, the 
antilog of the previous episode’s coefficient was 1.272. 
Thus, for every additional episode of diarrhea in the pre- 
vious quarter, the expected mean of total episodes per 
quarter increased by 27.2%. For IA2 versus total days of 
diarrhea, the antilog of the age coefficient (e”) was 0.962. 
This translated to a 3.8% decrease in predicted days of 
diarrhea for a l-month increase in age. 
After controlling for both diarrhea in the previous 
quarter and age, both LA2 and WA2 were significantly 
associated with diarrhea outcomes. An increase of one 
standard deviation in length-for-age (increase in LA2 by 
1 2) translated to 12.5% and 16.6% decreases in the pre- 
dicted mean of total episodes and days of diarrhea per 
quarter, respectively. Although the results for WAZ were 
as statistically significant, they ,were of a slightly lesser 
magnitude than those for LAZ; 11.8% and 15.0% decreases 
in mean number of total episodes and days of diarrhea 
per quarter, respectively. 
Table 5. Regression Analyses of Nutritional Status versus All Episodes, Persistent Episodes, Total 
Days of Diarrhea per Quarter, and Average Duration of Episodes during Quarterly Nutritional 
Assessments among Children under 3 Years of Age in Fortaleza, Brazil, Study Years 3 through 8 
Duration of 
All Episodes* Persistent Episodes*,+ Total Days of Diarrhea* Episodes* 
6 SE(B) eB B SE(B) eB B SE(B) eB B SE(B) 
Nutritional Status 
Length-for-age 2 score -0.134” 0.036 0.875 -0.144 0.064 0.866 -0.182** 0.041 0.834 -0.173 0.182 
Weight-for-age Z score -0.125” 0.037 0.882 -0.169” 0.078 0.844 -0.163** 0.042 0.850 -0.119 0.164 
Covariates” 
Age -0.025** 0.005 0.975 -0.042** 0.011 0.959 -0.039** 0.002 0.962 -0.038 0.020 
Previous episodes 0.241** 0.024 1.272 - - - - 
Previous days of diarrhea - - - 0.052** 0.003 1.054 0.042** 0.001 1.042 0.152** 0.016 
Constantt 0.050 0.097 1.051 -2.977** 0.191 0.051 1.679** 0.038 5.362 3.574** 0.411 
6 = Poisson regression coefficient: SE = standard error; es = antilog of the variable’s Poisson regression coefficient. 
* Poisson regression, P-VaiueS corrected for over- and under-dispersion; +I4 days or longer; *multiple regression, log-transformed average duration of episodes 
during the child-quarter; afor length-for-age Z score; VP < 0.05; ‘P < 0.001; **P < 0.0001. 
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Weight-for-age 2 
Figure 1. Age-adjusted means for diarrhea episodes per child-year 
and weight- and height-for-age, study years 3 to 8, among children 
under 3 years of age in an urban Brazilian shantytown. No nutritional 
data were available for year 6 of the study. Mean nutritional status and 
diarrhea burdens, in study years 3 through 8, were inversely correlated 
with each other in the case of mean length-for-age with mean num- 
ber of episodes/child-year (R’ = 0.84; P < 0.05). When only years 3 
through 7 were examined for relation between nutritional status and 
diarrhea burdens, weight-for-age was significantly correlated with mean 
number of episodes/child-year (Pi* = 0.93; P < 0.05). 
Weight-for-age Z was a significant predictor of per- 
sistent episodes of diarrhea. An increase of 1 Z in WAZ 
corresponded to a 15.6% decrease in the mean number 
of persistent episodes per quarter. Because LAZ versus 
persistent episodes approached significance (P = 0.08) 
and many persistent episodes occurred in the first 2 years 
of the study, a separate analysis was performed for nutri- 
tional status versus number of persistent episodes per 
quarter for children of all ages in all years of the study. 
Length-for-age Z achieved significance (B = -0.189, SE(B) 
= 0.064, eB = 0.83, P < 0.005), WAZ gained greater sig- 
nificance (B = -0.170, SE(B) = 0.061, e” = 0.84, P = 0.005), 
and both age and previous diarrhea remained significant 
covariates. 
Table 5 also shows the results of a multiple regres- 
sion analysis of nutritional status versus average duration 
of episodes. Whereas nutritional status was significantly 
associated with the incidence of persistent episodes, nei- 
ther LAZ nor WAZ was significantly associated with 
longer duration. Number of days of diarrhea in the pre- 
vious quarter was the only significant covariate, with 
every day of diarrhea in the previous quarter associated 
with a 1.6% increase in average duration. 
DISCUSSION 
This study demonstrates changes over time (secular 
trends) in the burden of diarrhea and prevalence of mal- 
nutrition among children in an urban Brazilian shanty- 
town from 1989 through 1996. Independent of the 
changing age structure of the cohort, there were marked 
reductions in both diarrhea attack rates, especially for 
persistent episodes, and days with diarrhea per child-year. 
These declines in diarrhea burdens were mirrored or fol- 
lowed by improvements in mean nutrition indicators. 
Diarrhea burdens, mean weight-for-age, and mean 
weight-for-length improved concurrently during study 
years 3 through 7. Poor weight-for-length indicates wast- 
ing,‘” a condition that can occur rapidly in malnourished 
children and, under improved circumstances, can be 
swiftly corrected. l1 In the study community, a substantial 
impact of persistent illnesses on weight-for-age and 
weight-for-height 3 months after the illness was noted.5 
The sharp reduction in the incidence of persistent diar- 
rhea from period 1 to period 2 likely contributed to a 
decrease in these growth shortfalls in the latter part of 
the study. A reduction in the prevalence of wasting, in 
quick response to declining diarrhea burdens, may 
explain the close correlation of weight-for-age and weight- 
for-length with diarrhea burdens during study years 3 
through 7. 
Over the study years, reductions in diarrheal illnesses 
occurred largely before significant improvements in mean 
length-for-age (Figure 1). Poor length-for-age indicates 
stunting, a marker for long-term malnutrition.“’ Although 
catch-up growth after stunting is possible, it occurs much 
more slowly than recovery from wasting.12 Secular 
declines (i.e., declines over time) in diarrhea burdens, 
after several years, may thus have led to a decrease in the 
prevalence of stunting. 
The pattern of improvements in nutrition status 
among these children, less wasting followed by less stunt- 
ing, may have resulted from declines in diarrhea burdens 
over the 8 years of the study. However, whether secular 
trends in diarrhea burdens contributed to secular trends 
in nutrition, or the inverse is true, remains unclear. The 
answer becomes more complex when one considers the 
vicious cycle of diarrhea and malnutrition and its poten- 
tial reversal among children whose health conditions are 
improving. 
Three limitations of the study must be highlighted. 
From study period 1 to period 2, the change in surveil- 
lance frequency from thrice to twice weekly home vis- 
its may have led to recall bias. The increased time 
between occurrences of diarrhea and surveillance visits 
by health agents may have led to greater non-reporting 
of diarrhea during period 2. For both study periods, how- 
ever, recorded days of diarrhea were distributed evenly 
over days of the week, regardless of different recall peri- 
ods. This suggests that less intensive surveillance during 
period 2 explains little, if any, of the marked declines in 
diarrhea. Second, nutrition surveillance was not carried 
out during year 6 of the study. This prevented a more 
thorough assessment of both secular improvements in 
nutrition status and associations between nutrition and 
diarrhea burdens. Finally, various socioeconomic factors 
were not taken into account in the analyses of secular 
trends and the association between prior nutrition and 
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subsequent diarrhea. However, in a previous investiga- 
tion at the same site, the number of rooms, number of 
children, presence or absence of a pit toilet in the home, 
and a history of the death of a child were significantly 
associated with diarrhea outcomes, but did not change 
the relation between antecedent malnutrition and heav- 
ier diarrhea burdens.” These factors may be additional 
covariates in the associations between malnutrition and 
diarrhea in the present study. 
The causes of these secular trends and the external 
validity of this study are of great interest. How might com- 
munities in the developing world with diarrhea burdens 
and levels of malnutrition comparable to this population, 
in the first years of the study, achieve similar improve- 
ments over an equal or even shorter time period? There 
are a number of possible answers. 
Although this study was non-interventional, fre- 
quent visits by indigenous health agents to study 
homes, for 8 years, may have had a significant impact 
on the behavior of caretakers in the community. For 
example, changes over time in infant feeding practices, 
such as increased breastfeeding during the first years 
of life, may explain some improvements. In this popu- 
lation, exclusive breastfeeding has been noted to pro- 
vide a substantial protective effect against diarrhea in 
the first 6 months of life.5 From study year 3 to year 8 
(1991 to 1996), for children 12 months of age or 
younger, the proportion of observation days spent 
exclusively breastfeeding increased from 16.5’26 to 
25.4% (P < 0.00001, Pearson’s correlation coefficient). 
Improved knowledge of case-management, such as use 
of oral rehydration therapies in the home, may have 
played a role as well. 
Changes in the socioeconomic status of the study 
participants also may have occurred. Improvements in 
mean income and levels of education, better sanitation 
within homes and community-wide, and changing 
hygiene practices also may be responsible for the 
observed declines in diarrhea and improvements in nutri- 
tion. Despite the possibility of significant socioeconomic 
improvements over the study years, the community 
remains impoverished. Of the 31 children born into the 
study in 1996, 22 (71%) came from households where 
the mother had not completed primary school, 25 (81%) 
had pit or no toilets in the home, 17 (55%) had a com- 
bined family monthly income of one minimum salary or 
less. The median number of residents and rooms per 
home was five and two, respectively. This reflects condi- 
tions in the state of Ceari where most households have 
five or more members and half of the population earns 
less than U.S.$113 per month per family.‘3 
Relevant to the discussion of improvements in diar- 
rhea and nutrition status among Gonqalves Dias children, 
are trends in infant mortality in the city of Fortaleza. In 
1989, the infant mortality rate (IMR) for Fortaleza was 
56.3 per 1000 births. In 1996, Fortaleza’s IMR had 
decreased to 37.0 per 1000 births (State Secretary of 
Health, Ceati, BR). Thus, secular trends in diarrhea bur- 
dens and levels of malnutrition in Gonc;alves Dias may 
be a partial reflection of citywide improvements in child 
health. 
The differential burden of diarrhea among children 
in various states of nutrition (see Tables 4 and 5) reem- 
phasizes the important relation between nutrition status 
and diarrhea. The finding that prior nutrition is associ- 
ated with diarrhea incidence confirms the results of a 
previous study in this community.” In the present study, 
the association between malnutrition and diarrhea inci- 
dence was present regardless of secular trends in both 
diarrhea and malnutrition. Poor weight-for-age was asso- 
ciated with the incidence of prolonged episodes, but 
nutrition status was not found to be significantly associ- 
ated with increased duration. In the previous study, asso- 
ciations between poor nutrition status and an increased 
average duration of episodes was noted in the most mal- 
nourished children (who were more malnourished than 
those in the present study) when children with 2 scores 
of 2 or less for length- or weight-for-age were compared 
with less malnourished children.” 
There remains a lack of consensus as to whether mal- 
nutrition predisposes to greater diarrhea incidence or 
duration. The repeat finding from this site that poor nutri- 
tion status is associated with increased diarrhea incidence 
is consistent with findings from Bangladesh, Costa Rica, 
Guatemala, Mexico, Nigeria, and Sudan.‘“-‘” The finding 
that poor nutrition status is associated with the incidence 
of persistent episodes is consistent with findings from 
Bangladesh and India.“,” Two studies from Bangladesh 
found no associations between malnutrition and diarrhea 
incidence, but did find associations between nutrition 
status and episode duration.23,” 
Differences in the settings of each study, such as cli- 
mate, rural versus urban, socioeconomic levels, baseline 
diarrhea burdens, prevalence and types (stunting vs. wast- 
ing) of malnutrition, and exposure to specific etiologic 
agents may explain the absence of agreement on the asso- 
ciation between malnutrition and diarrhea incidence. Dif- 
ferences in study methodology, including the definition 
of diarrhea1 episodes and analytic approaches to quanti- 
fying the association between nutrition status and diar- 
rhea, are also likely factors.*j 
Secular trends in the burden of diarrhea and preva- 
lence of malnutrition in this study, differential illness bur- 
dens of children in various states of nutrition, and the 
repeat finding that prior malnutrition predisposes to heav- 
ier diarrhea burdens all provide further evidence that a 
significant association between poor nutrition and 
increased diarrhea incidence exists. The changes over 
time in this study also demonstrate, on a community level, 
that the vicious cycle of diarrhea and malnutrition can be 
interrupted to produce better levels of child health in an 
urban impoverished, developing-world setting. 
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